Abstract
INTRODUCTION
With the ongoing loss of global biodiversity (Thomas et al. 2004; van Vuuren et al. 2006) , increasing attention has been given to the potential consequences of biodiversity loss on ecosystems functioning (Hooper et al. 2005; Loreau and Hector 2001; Schmid et al. 2009; Tilman et al. 1996) . Most of those biodiversity-ecosystem functioning (BEF) experiments were carried out with fast-growing species, such as grassland communities in small plots (Balvanera et al. 2006; Schmid et al. 2009 ). More recently, BEF research has moved to long-lived plants, such as trees (Scherer-Lorenzen et al. 2007; Verheyen et al. 2016) . However, studies on plantation forests have been restricted to a homogeneous structure in the past (Pretzsch 2009 ) and no BEF experiment has yet addressed the role of shrubs for ecosystem functioning, although the shrub layer is an important component of forests, in particular in the subtropical forest (Bruelheide et al. 2011) . Shrubs also interact with the trees, as they compete for light, water and nutrients (Lang et al. 2010; Riegel et al. 1992 Riegel et al. , 1995 . Although the tree layer plays the dominant role in the overall productivity of forest ecosystems, the understory vegetation, including its herbaceous and woody components, significantly contributes to nutrient cycling and soil carbon accumulation owing to substantially higher turnover rates as compared to overstory trees (Chapin 1983; DeLuca et al. 2002; Gilliam 2007; Nilsson and Wardle 2005) . Not much work has been done on the relationship between overstory tree species diversity and understory vegetation functions, with almost all studies being exclusively observational and without distinguishing between herb layer and shrub layer components of the understory (Cavard et al. 2011; Gamfeldt et al. 2013 ). An overstory of diverse tree species may increase resource heterogeneity in the understory or facilitate understory vegetation, which in turn promotes understory species diversity and productivity (Bartels and Chen 2010; Holmgren et al. 2015) . In contrast, a diverse overstory with higher productivity may decrease overall resource availability of the understory, thus decreasing understory richness and productivity (Zhang et al. 2016) . Finally, there are studies that did not find much evidence for a relationship of the tree and herb layer diversities or productivities in near-natural forests . Studies on the herb layer from experimental forest plantations have been published only recently (Ampoorter et al. 2015; Germany et al., 2017) . So far, no study has investigated the responses of shrubs in the context of BEF experiments.
To fill this gap, the BEF-China project has been designed to include a shrub-diversity treatment which is factorially crossed with a tree-diversity treatment . Most considerations concerning shrub establishment reflect those for trees. For example, as was the case for trees (Yang et al. 2013) , the mortality of evergreen, late-successional species can be expected to be higher than that of deciduous, earlysuccessional species. Thus, it is likely that shrub performance will display strong species-specific responses, as it was shown also for trees with respect to survival (Yang et al. 2013) , growth (Li et al. 2014 (Li et al. , 2017 Hahn et al., 2017) and herbivory (Schuldt et al. 2015; Brezzi et al., 2017) . In addition, the survival rates of tree seedlings in the BEF-China experiment showed a significant impact of tree species richness and identity, planting date and altitude, while slope inclination, aspect and slope curvature were not retained in the final models for tree survival (Yang et al. 2013) , although inclination and aspect of slopes are known to have large effects on microclimate (Chen et al. 1999; Geiger et al. 2003) . Because the tree species in the experiment had been established one year before the shrubs were planted, biotic interactions with the tree and herb layer were expected to affect shrub survival. As in observational studies, shrubs may both benefit from the tree layer through facilitation (Torres and Renison 2015) or suffer from competition (Barnes and Archer 1999) . Such effects may be seen in effects of tree richness on shrub survival (Gómez-Aparicio 2009). Finally, there can also be feedback effects of shrubs on shrubs, as more diverse shrub compositions might ensue a lower herbivore or pathogen load resulting in reduced density-dependent mortality (e.g. Metz et al. 2010; Swamy and Terborgh 2010; Visser et al. 2011 ) brought about by Janzen-Connell effects (Connell 1971; Janzen 1970) .
Given these multifaceted putative impacts on shrub survival, the question arises how much variance in survival is explained exclusively and jointly by each of the three predictor groups, biotic factors (i.e. tree and shrub species richness and herb layer characteristics), abiotic environment (i.e. topography and soil variables) and shrub species identity (comprising leaf habit). Using variance partitioning as an appropriate analysis to assess the relative impact of these predictor groups has been suggested by Díaz et al. (2007) to explain overall ecosystem functioning. This approach has been successfully applied by Kröber et al. (2015) for tree growth and also for survival rates of trees in the Sardinilla experiment (Healy et al. 2008) .
The general objectives of this study were to elucidate the factors that determine shrub survival, taking tree and herb layer characteristics, abiotic environment and shrub-species identity into account to provide the most parsimonious model to explain shrub survival rates. We hypothesized that survival rates of shrubs (i) strongly differ among species, with higher survival rates of species characteristic of early than of species typical of late-successional stages, (ii) strongly depend on the environment and (iii) on biotic factors, represented by tree, shrub and herb layer richness as well as on cover of the different layers. Finally, we hypothesized that (iv) the amount of variation in survival explained decreases from species identity effects to environmental to biotic conditions.
MATERIALS AND METHODS

Study site
Our study was conducted at the BEF-China (BiodiversityEcosystem Functioning Experiment China) project site, which was established near Xingangshan, Dexing, Jiangxi Province, China (29.08°-29.11°N, 117.90°-117.93°E; Bruelheide et al. 2014) . Here, we present the results of one of the two experimental sites (Site A). Shrubs were planted as an orthogonal treatment to tree richness, making use of the so-called superplots that have a size of 2666.67 m 2 (=4 Chinese mu). The whole area of one super-plot received the same tree species composition. Following the broken stick design, seven tree species richness levels of 0, 1, 2, 4, 8, 16 and 24 were assigned to 3, 16, 8, 4, 2, 1 and 1 plots, respectively, resulting in a total of 35 super-plots . Within every superplot, shrubs were planted into the four 1-mu quadrants with richness levels of 0, 2, 4 and 8 shrub species, assigned randomly to the four plots per super-plot. Here, we do not consider plots without shrubs, thus resulting in a total of 105 plots. The study area is characterized by a subtropical monsoon climate, with mean annual temperature of 17.4°C and mean annual precipitation of 1635 mm. January is the coldest month with a mean temperature of 0.4°C and July the hottest with a mean temperature of 34.2°C (Yang et al. 2013) . The natural vegetation is a subtropical forest with a mixture of evergreen and deciduous species (Bruelheide et al. 2011) . The soils of the region are mainly Regosols, Cambisols, Acrisols, Gleysols and Anthrosols (Scholten et al., 2017) .
Shrub species
In total, 10 shrub species were planted, all being evergreen species and varying in the successional status where they occur in natural forests (Table 1 ). All shrubs were raised from seeds in late 2009 and transplanted in the plots in 2010, one year after trees. In each 1-mu plot, 400 shrub individuals were planted in a 20 × 20 rectangular grid. Shrubs were planted in a grid in the interspaces of the 400 trees per plot (or theoretical tree planting positions in the plots without trees). The horizontally projected planting distance between shrubs and trees was 1.14 m, whereas the shrub-to-shrub distances were 1.29 m, which was the same as the tree-to-tree distances. These distances are horizontal projections between planting rows and columns. In total, a 1-mu plot with both a tree and a shrub treatment contains 400 (=20 × 20) trees and the same number of shrubs in the same grid planting pattern shifted diagonally by 1.14 m. Consequently, a shrub can have up to 4 different shrub species as neighbors.
The diversity levels of 2, 4 and 8 shrub species were assembled from the pool of all 10 species using the random partitioning design (Bell et al. 2009 ). Diversity levels of shrub species were not nested (i.e. the 2 species-mixtures were not subsets of the 4-species mixtures etc.). Compared to random selections, the random partitioning design had the advantage that each species was used the same number of times, resulting in a fully balanced design. The 2-species mixtures were obtained by randomly dividing the pool of 10 species into five pairs of species. This procedure was repeated seven times, which resulted in 35 shrub species combinations which were assigned to the 35 subplots devoted to the shrub richness level of two species. Species composition was not unique for every subplot, as the same pair of species might occur more than once by chance. Accordingly, 14 partitions were used to produce the 4 species-mixtures and 28 partitions to obtain the 8 species-mixtures. The consequence of this procedure is that the species were equally represented in the species compositions, with 7, 14 and 28 plots each in the 2, 4 and 8 species mixture, respectively, i.e. a total of 49 times per species among the 105 plots. Within plots, the shrub species selected for that plot were randomly assigned to the 400 planting positions. Replanting was done in 2012 and 2013, but only affected a limited number of individuals of all 10 shrub species. Out of the total of 42 000 planting positions for shrubs (105 plots × 400 individuals), 3640 and 6860 were replanted in 2012 and 2013, respectively. All shrubs were monitored for presence in 2014, when a full inventory of all individuals was carried out. The species identity of planted shrubs was confirmed in this survey, while that of absent shrubs was taken from the initial planting scheme. Positions that had not been planted with shrubs because they were occupied by Machilus thunbergii phytometers (16 positions out of a total of 400 per plot, Tong et al. 2013) or were unsuitable (such as paths, rocks and cliffs) were excluded from the analysis.
Abiotic environmental variables
Plot means of topographical variables were derived from a 5 m Digital Elevation Model (DEM) calculated by ordinary kriging with a nested variogram (Webster and Oliver 2001) based on own differential GPS measurements carried out before planting in 2009. The altitude of the plots ranges from 105 to 275 m and the slope from 0 to 45 degrees.
Plot mean values of elevation, slope inclination, solar insolation, profile curvature (Curv_PR, in direction of the maximum slope) and plan curvature (Curv_PL, perpendicular to the direction of the maximum slope) were calculated from the DEM (Evans 1979; Shary et al. 2002) . Aspect of slope was subjected to sine and cosine transformation to obtain eastness and northness, respectively (Roberts 1986 ). All topographical calculations were done with ArcGIS 9.0 (ESRI Corp., Redlands, California, USA).
Soil variables were based on nine soil samples per plot, collected in 2010 by taking soil cores at a depth of 0-5 cm. This depth range refers to the mineral soil layer and corresponds to the A horizon. The nine soil samples per plot were thoroughly mixed, and one bulk sample per plot was analyzed for total carbon (C) and total nitrogen (N) content using gas chromatography (Vario EL, Elementar, Hanau, Germany; for details see Scholten et al., 2017) .
Microclimatic data were not available for the 105 plots used in our study, but for one plot each per super-plot, where no shrubs had been planted, each of them adjacent to the three plots planted with shrubs which were used here. Air temperature and relative air humidity (RH) were measured every hour from 24 September 2014 to 26 December 2015 at a height of 1 m, using HOBO U23 Pro V2 data loggers. These measurements reflect the microclimatic conditions for shrubs as they were taken below the tree canopy, which had the same tree species composition as the adjacent plots planted with shrubs. We obtained the abiotic environmental variables listed above for the same plots where air temperature and RH was measured and analyzed their relationships with principal component analysis and linear regressions.
Biotic variables
The biotic variables comprise those of the design of BEF-China, i.e. tree species richness and composition, shrub species richness and composition, as well as covariates such as cover of the trees in a plot, calculated from mean crown projection area (Li et al. 2014 ) and tree density (number per plot). A vegetation survey of all herbaceous plants was carried out in 2009. For all plots, a list of all vascular plant species of the herb layer was obtained at the 1-mu plot level together with data on the total cover of the herb layer and the species-specific cover of the three most dominant herb layer species at the site, the grass Miscanthus floridulus (Lab.) Warb. ex Schum. et Laut. and the fern species Dicranopteris pedata (Houttuyn) Nakaike and Pteridium aquilinum (L.) Kuhn var. latiusculum (Desv.) Underw. ex Heller.
Statistical analyses
We analysed shrub survival at the level of individual shrubs and of plots. The former was carried out by generalized linear mixed effect models (GLMM), using a logit-link function and binomial error distribution as implemented in glmer (lme4 package, Bates et al. 2013) . All GLMMs were fitted with super-plot and plot nested in super-plot as random factors to account for multiple survival observations within plots. For the advantages of mixed models, see Schmid et al. 2017 .
Differences in survival rates between species (H1) were calculated using species as fixed factor in the GLMM and applying a Tukey post-hoc test to the model (multcomp package, glht procedure). We compared survival of species that, according to expert knowledge, were able to grow in earlysuccessional stages (the categories E and E/L in Table 1) , and those that were not (the categories L and I/L in Table 1 ). This test was possible as there were five species in each of the two groups. The test was made with a glmer model using successional status as fixed and species as random factor, crossed with super-plot and plot nested in super-plot.
The impact of environment (H2) was first tested variable by variable, using super-plot and plot nested in super-plot as well as species as random factors. Then, models with random intercept for species were compared with models that accounted for random slopes for different species. Models were compared with respect to Bayesian Information Criterion (BIC, Schwarz 1978) , which gives a higher penalty than Akaike's Information Criterion (AIC). We used the method described by Nakagawa and Schielzeth (2013) to calculate the amount of variance explained by the GLMM, both as marginal R 2 ,
i.e. the variance exclusively explained by fixed factors, and as conditional R 2 , i.e. the variance explained by both fixed and random factors. As recommended by Nakagawa and Schielzeth (2013), we report the R 2 of random slope models by omitting the random slopes from the model and calculating R 2 from the corresponding random intercept models.
The same procedure of calculating the single impact of variables and their combinations was carried out for the set of biotic variables, testing H3. All biotic variables were continuous, including tree and shrub richness. Plot shrub richness was based on the shrub species actually present in a plot rather than planned richness levels. As shrub and tree richness only varied among plots differing in shrub and tree species compositions, all GLMMs for biotic variables also included shrub species composition and tree species composition as random factors in addition to super-plot, plot nested in super-plot and shrub species density. While tree species composition was unique for every super-plot (except for the three plots without trees), shrub species composition was not (see above).
At the plot level, we aggregated individual survival as plotlevel survival rates by species. To test H4, we applied variance partitioning to the plot-level data, assessing the relative amount of variance for the three predictor groups species, environmental and biotic variables, using the varpart command of the vegan package in R (Oksanen et al. 2013) . We compared variance partitioning using all predictors or only the predictors of the best single models for environmental and biotic conditions. For all statistical analyses, we used the software R version 3.0.2 (R Core Team 2014).
RESULTS
Overall, establishment rate across all shrub species was 70.8%. Survival rates differed strongly between species, ranging between 26% and 91% for Ardisia crenata and Distylium buxifolium, respectively (Fig. 1 ). There was a tendency of species that occurred in early-successional stages to become established more successfully than those that were confined to intermediate or late-successional stages, but this was not significant (P = 0.175, according to a GLMM with plot nested in super-plot and species as random factors). However, two late-successional species displayed much lower survival rate (species 1, Ardisia crenata, 26.28% ± 3.14% and species 9, Euonymus myrianthus, 28.04% ± 3.59%) than other latesuccessionals (e.g. species 8, Gardenia jasminoides, 88.12% ± 1.72%). In contrast, the two early-successional species exhibited survival rates over 80% (Fig. 1) .
The environmental and biotic variables were related to each other and to microclimatic conditions (Fig. 2) . RH was inversely related to air temperature (r = −0.896, P < 0.001) and decreased with increasing altitude (r = −0.343, P = 0.043) and plan curvature of slopes (Curv_PL, r = −0.506, P = 0.002), which means a decrease of RH on more horizontally convex slopes. There was also a positive relationship of RH to herb layer richness (r = 0.524, P = 0.001) and pH in the topsoil (r = 0.446, P = 0.007) as well as a negative relationship to the cover of Dicranopteris pedata (r = −0.385, P = 0.022) and the C/N ratio in the topsoil (r = −0.549, P < 0.001).
The generalized linear mixed effects models with random slope and random intercept outperformed those with only random intercept, with AIC values on average across environmental and biotic predictors differing by −65.5 and −42.4, respectively. There was not a single case where the models with only random intercept had lower AIC values than those with random slope. While a random intercept in GLMMs only allows for variation in the point of inflexion of the species survival response along the x axis, a random slope model also allows the response to vary in steepness. The higher performance of random slope models shows that species with the same point of inflection differed in sensitivity to either the environmental or the biotic factor included in the model. Thus, we only report the outcome of the random slope models. Across all shrub species, survival rates were significantly related to five out of the 11 abiotic environmental variables used in the study (Table 2 ). In the best three significant Figure 1 : Survival rates of the 10 shrub species planted at site A in the BEF-China Experiment. Survival probability was predicted from a generalized linear mixed effects model (GLMM, see Methods). Species codes correspond to the codes used in Bruelheide et al. (2014) and are explained in Table 1 . Different small letters show statistically significant differences according to a Tukey post-hoc test applied to the GLMM. models, shrub survival increased with decreasing altitude and inclination (slope) and increasing soil C to N ratio (C/N). The random slope and random intercept models showed that the dependence on the abiotic environmental factors was not uniform among species (Fig. 3) . For example, survival of species 8 and 3 (Gardenia jasminoides and Distylium buxifolium) decreased much more strongly with increasing altitude and slope and decreasing C/N ratio than other species (Fig. 3) . Species survival also depended on the biotic environment of the shrubs, with two out of eight variables affecting survival significantly (Table 3) . Shrub survival increased with decreasing species richness of the herb layer and increasing cover of Dicranopteris pedata. The species with lowest survival rates (1 and 9; Ardisia crenata and Euonymus myrianthus) showed the strongest decrease in survival with increasing herb layer richness (Fig. 4A) . Similarly, survival rates increased with the cover of one of the most dominant ferns, Dicranopters pedata, in particular for species 6 and 8 (Rhaphiolepis indica and Gardenia jasminoides, Fig. 4B) .
Overall, the variables of all models explained about 65% of variation in shrub survival at plot level (Fig. 5A) . Most variation was accounted for by the abiotic environmental factors (50.1%), followed by species identity (33.9%), while much less was explained by biotic predictors (25.4%). There was a large overlap between abiotic and biotic predictors (17%), showing that biotic predictors, such as richness of the herb layer or cover of Dicranopteris pedata also depended on abiotic conditions. In contrast, species identity displayed a smaller overlap with abiotic (10.6%) and biotic factors (4%), which showed that the statistical design had made sure that all shrub species occurred across all environments. If only the single best predictors of both the abiotic (altitude, slope and C/N) and biotic environment (herb layer richness and cover of Dicranopteris pedata) were included, the total amount of explained variation was still about 58%, but overlap of the different categories was much less (Fig. 5B ).
DISCUSSION
Our study clearly confirmed a significant impact of species identity on overall shrub survival, which ranked second in importance in our models. We clearly showed that some shrubs could become established much more successfully than others. This suggests that species identity effects often are the dominant effects in BEF experiments with woody species (Nadrowski et al. 2010; Haase et al. 2015; Peng et al., 2017) . Compared to the establishment rates of evergreen trees at the same site, shrub establishment rates were somewhat lower (70.8% as compared to 84% found by Yang et al. 2013) . However, we have so far no explanation for differences in survival rates, as all species had the same leaf habit (i.e. were evergreen) and successional status did not play a significant role. Thus, we have to reject our first hypothesis of higher survival rates of species characteristic of early-successional stages. Survival might depend on traits other than the species' successional status, such as drought or shade resistance. However, these traits are available for trees (Böhnke and Bruelheide 2013; Li et al., 2017) but not yet for the shrub species of the BEF-China experiment.
Irrespective of species, survival strongly depended on the abiotic environment, confirming our second hypothesis. We identified partly the same factors as were reported for the survival rates of trees at the same sites (Yang et al. 2013) , however, with effects sometimes in opposite directions. For example, while altitude had positive effects on tree survival, it affected shrub survival negatively. Our results on shrubs are in accordance with the findings in the Sardinilla experiment in Central Panama (Healy et al. 2008) , where altitude negatively affected All models included one environmental variable as fixed factor, and plot, species and the interaction of that environmental variable and species as random factors. All environmental variables were scaled by mean and standard deviation; as such, the estimates show the direction and magnitude of impact on shrub survival. Marginal R 2 is the amount of variance explained by the GLMM by fixed factors, conditional R 2 is the amount of variance explained by both fixed and random factors, calculated according to Nakagawa and Schielzeth (2013). tree survival, although the altitudinal range in the Panama experiment was only a few meters. For Panama, Healy et al. (2008) explained the positive impact of elevation with reduced water logging, which did not play any role in the BEF-China experiment as no plot showed characteristics of poorly drained soils (Scholten et al., 2017) . In our study area, ridges at higher elevation had a lower RH than the footslopes and valleys, thus exposing shrubs to higher drought stress. In addition, soil depths decrease with elevation, and thus, water storage capacity decreases (Scholten et al., 2017) . Moreover, top slope positions are drier because the amount of interflow is lower compared to midslope and lower slope positions (Scholten et al., 2017) . In addition, plots at higher elevation are more exposed to wind. Survival of shrubs responded stronger to the reduced humidity at higher altitude than survival of trees, which at the time of planting were probably also affected by cold air accumulating in the valley bottoms (Yang et al. 2013) . However, drought does not sufficiently explain the decreasing survival rates with increasing inclination, as RH did not vary with slope. The negative slope effect on shrub survival was probably not brought about by light supply as neither northness, nor solar radiation or tree canopy cover resulted in significant models. Forest shrubs are often shade-tolerant as they never can outcompete the trees in a forest with respect to height (Wilson 1995) . Thus, the improved light conditions for tree growth on slopes (Ishii and Higashi 1997) may not play out for shrubs. While Lang et al. (2010) found that the tree-tree competition was less intensive on steeper slopes, tree-shrub competition intensity may not be reduced or even be higher with increased tree growth. In addition, survival rates of shrubs might also have been negatively affected by a higher risk for root and stem damage through increased soil erosion (Seitz et al. 2016) . Our interpretation of drought as the main abiotic mechanism for shrub survival is also supported by the positive effect of C to N ratio in the soil, although it affected tree growth negatively (Li et al. 2014; Kröber et al. 2015) . A high C/N value is usually associated with a higher humus content, which was also found in our study and is also reflected in the tendency of a higher soil carbon content. A higher humus content improves water holding capacity (Rawls et al. 2003) . However, our results also point to additional important factors for shrub survival rates other than drought. Our finding of a positive effect of cover of the fern Dicranopteris pedata was probably unrelated to water supply, as plots dominated by this fern species tended to have lower RH. Herb layers dominated by Dicranopteris spp. play an important role in subtropical ecosystem dynamics (Zhao et al. 2012) , and the removal of Dicranopteris spp. has led to reduced litter decomposition and food web effects. Thus, D. pedata might have had positive effects on shrubs by reducing herbivory or other negative interactions, as fern species are usually attacked less by insect herbivores. While plant-plant interactions in forest ecosystems have mainly concentrated on growth effects of neighbouring plants on target trees, the physiological mechanisms of understorey effects on overstorey trees have received less attention .
In contrast to our third hypothesis, neither tree nor shrub richness affected shrub survival. Kröber et al. (2015) found that positive interactions among trees already occurred in am early stage of the experiment, indicated by positive effects of functional diversity on tree growth rates. Similarly, functional Table 2. diversity of root traits already positively affected fine root standing biomass of trees (Sun et al., 2017) and aboveground tree growth (Bu et al., 2017) . In constrast, putative positive interactions among the shrub species have not yet been developed or are not yet strong enough to be detected, at least not to a degree that they affected shrub survival. The survival rates of shrubs were found to be not affected by herb or tree cover. This indicates that our experiment was still too young to detect such biotic interactions. Thus, shrub establishment was not facilitated or constrained by a more closed canopy with a moister microclimate under the tree canopy, as was demonstrated inby Barnes and Archer (1999) studying effects of Prosopis glandulosa on survival of shrubs after planting. There was also no negative interactions as neither cover of the herb layer nor of the tree canopy affected shrub survival at this stage of the experiment. Interestingly, there was a negative effect of herb layer richness on shrub survival, which was surprising as both herb layer richness and shrub survival were positively related to RH. However, this might have been simply a covariation with a third factor, as e.g. soil pH affected herb layer richness positively and shrub survival negatively.
We partly confirmed our fourth hypothesis that biotic conditions contributed the least to explaining shrub survival. However, in contrast to our hypothesis, abiotic factors always explained more variation in survival than species identity, which was also the case if only the three most important abiotic variables were considered, compared to nine variables coding the 10 shrub species. An important finding of our study is that the strong species identity effects were not confounded with the environmental conditions in the plots, showing the appropriateness of the statistical design of the BEF-China experiment. Althought the shrub species strongly The models included the biotic variable as fixed factor, and plot, species and the interaction of that biotic variable and species as random factors. All biotic variables were scaled by mean and standard deviation; as such, the estimates show the direction and magnitude of impact on shrub survival. Marginal R 2 is the amount of variance explained by the GLMM by fixed factors, conditional R 2 is the amount of variance explained by both fixed and random factors, calculated according to Nakagawa and Schielzeth (2013) . differed in survival rates, for which we cannot offer a satisfying explanation, the abiotic environment always was a strong modifier of survival within species. Overall, the total amount of variation in shrub survival explained by all factors in our models was quire high (65%), which however, was not exceptional if compared for example to 57% explained mortality in the Sardinilla experiment (Healy et al. 2008) .
CONCLUSION
While strong effects of species identity were not unexpected (Nadrowski et al. 2010; Yang et al. 2013) , the relative importance of abiotic and biotic factors was different for shrub survival and tree growth (Kröber et al. 2015; Li et al., 2017) . Survival of shrubs was mainly dependent on abiotic environmental conditions, and in particular on those related to water supply. In contrast, at this early stage of the experiment the signal of biotic interactions among shrubs and between shrubs and trees was not yet strong enough to show effects on survival rates. With increasing size of shrubs and trees, we expect richness to alleviate negative environmental effects, such as those of drought, as has been observed for grasslands (Isbell et al. 2015) . Tables 2 and 3 . (B) Only variables of the best models included, which were altitude, slope, C/N ratio and herb layer richness, cover of Dicranopteris pedata for environmental and biotic variables, respectively. In all models species were represented by 10 variables, 0/1 coded for the presence of the species in the plots.
